Skipjack samples were prepared using two different killing methods, namely, struggling death in iced sea water (control) and instant death by mechanical bleeding. The hemoglobin content in the bled muscles was significantly lower than that in the control. 4-Hydroxyhexenal content in the bled muscles was significantly lower than that in the control over 2 d of storage at 0 C.
Lipid oxidation is a major cause of quality deterioration in fish muscle. 1, 2) In contrast to mammalian meat, hemoglobin (Hb) is a major problem in the lipid oxidation of fish meat and meat products since the blood is not always removed prior processing. 3) Hb in the meat can accelerate lipid oxidation. 3) Recently, Terayama and Yamanaka developed a new bleeding machine for fish meat and reported that in an organoleptic rating among consumers, mechanically bled skipjack meat was highly valued due to its bright red color and lack of fish odor as compared with meat obtained from the control. 4) Lipid oxidation products are thought to compose part of fish odor. 1) However, because Terayama and Yamanaka did not measure the Hb content in the bled muscle, it is uncertain whether Hb content decreased in the muscle. Although, as mentioned above, lipid oxidation is a major cause of quality deterioration in fish muscle, 1,2) they did not measure lipid oxidation levels in the bled meat. Hence, we attempted to measure the Hb content in bled skipjack Katsuwonus pelamis meat, and we analyzed the 4-hydroxyhexenal (HHE) and malonaldehyde (MA) contents in the meat as indicators of the lipid oxidation level, because MA contents are generally used as an index of lipid oxidation 5, 6) and HHE content has been reported as a good index of lipid oxidation in fish muscle. 7, 8) Skipjack myoglobin was a kind gift from Professor S.
Watabe and Dr. Ochiai of The University of Tokyo. Skipjack Hb was prepared as follows at 0 C: Two volumes of distilled water were added to the blood and the solution was centrifuged at 500 Â g for 10 min. Ammonium sulfate was added to the supernatant obtained. The precipitate at 40-60% ammonium sulfate was dialyzed in distilled water overnight and used as skipjack Hb preparation. The preparation showed a single peak on a high performance size exclusion column chromatogram (Fig. 1A) . Skipjack samples were caught by hook and line in the East China Sea in August 2003. Fish samples were prepared using two different killing methods, namely, struggling death in iced sea water (control), and instant death by mechanical bleeding using the machine (bleeding). After death, the fish were immediately frozen and stored at À40
C until further analysis. The skin and red muscle were removed and the dorsal ordinary (first skeletal) muscles (about 5 Â 5 Â 20 cm) obtained by each killing method were wrapped with wrapping papers (Saran Wrap, Asahikasei, Tokyo). After placed in 7% NaCl solution (45 C) for 5 min, 4) the samples were stored in ice. In the sample for each method, the Hb content was measured after 0 d of storage, and the HHE and MA contents were analyzed after 0 and 2 d of storage respectively. The results of our previous studies on lipid oxidation in several fish muscles show that lipid oxidation progresses after 2 or 3 d of storage at 0 C. [8] [9] [10] [11] Hb was extracted with a 0.04 M phosphate buffer (pH 8.0). 12) Ammonium sulfate was then added to the extract, and the precipitate obtained at 40-65% saturation was dissolved with distilled water and analyzed by high performance size exclusion column chromatography. The analytical conditions were as follows: column, two columns of Waters Protein-Pak 300 (0:39 Â 40 cm, Milford, CA); flow rate, 1 ml/min; detection wavelength, 415 nm (absorption spectrum maximum of skipjack Hb 4) ); column temperature, 40 C; mobile phase, 0.01 M phosphate buffer (pH 6.58) containing 0.2 M sodium sulfate. The residue y To whom correspondence should be addressed. Tel/Fax: +81-985-58-7230; E-mail: sakaihhe@cc.miyazaki-u.ac.jp Abbreviations: Hb, hemoglobin; MA, malonaldehyde; HHE, 4-hydroxyhexenal; Mb, myoglobin; DETBA, 1,3-diethyl-2-thiobarbituric acid; DNPH, 2,4-dinitrophenylhydrazine of Hb extract was homogenized with 5 volumes of 0.2% NaHCO 3 -0.15% NaCl (alkaline wash) 12) and centrifuged at 10;000 Â g for 20 min. Only a trace amount of Hb was detected in the precipitate obtained at 40-65% ammonium saturation of the supernatant (Fig. 1D) . 2,4-Dinitrophenylhydrazine (DNPH) was obtained from Wako Pure Chemicals (Tokyo). The chemical reaction between DNPH and HHE was essentially conducted according to the procedure of Goldring et al.
13) The HHE-DNPH derivative was analyzed by the HPLC method reported by Sakai et al. 7) under the following analytical conditions: column, Ultrasphere C18 (25 cm Â 4:6 mm i.d., Beckman, Fullerton CA); mobile phase, 30 mM sodium citrate/27.7 mM acetate buffer (pH 4.75): methanol = 35:65; flow rate, 1 ml/min; column temperature, 40 C; detection wavelength, 365 nm. 1,3-Diethyl-2-thiobarbituric acid (DETBA) was obtained from Aldrich Chemicals (Milwaukee, WI). The chemical reaction between DETBA and MA was conducted in accordance with the method of Sakai et al.
14) The DETBA-MA adduct was applied to the HPLC system under the following conditions: column, Inertsil ODS (particle size 5 mm, 250 Â 4:6 mm i.d. GL Sciences, Tokyo); mobile phase, acetonitrile:0.1 M sodium chloride (75:25, v/v); flow rate, 1.0 ml/min.; detection, excitation and emission at 515 nm and 555 nm respectively. All data were expressed as the mean AE SE. Significant differences among the means were determined by Student's t test.
As shown in Fig. 1B , Hb and Mb were clearly separated from each other. Hb was not detected in the precipitate at 0-40% ammonium sulfate saturation, as shown in Fig. 1C . Hb and Mb were detected in the precipitate at 40%-65% ammonium sulfate saturation, as shown in Fig. 1D . Although Mb was detected, Hb was not detected in the supernatant at 65% ammonium sulfate saturation, as shown in Fig. 1E . The differences in retention times of Mb in (B), (D) and (E) might be due to the differences in protein concentration of these samples. The calibration curve depicting the Hb concentration was linear between 0.015 mg/ml and 0.6 mg/ ml with a correlation coefficient of 0.99 (n ¼ 4). The coefficient of variation of the skipjack muscle from the control sample was 10% (n ¼ 4), and the limit of detection was 0.01 mg/ml. Recovery of Hb (1.8 mg/ml) added to the skipjack meat was 90% (n ¼ 2). The Hb contents in the bled and the control samples were 0:07 AE 0:05 and 1:01 AE 0:19 mg/g of muscle respectively, as shown in Table 1 . The contents of the bled samples were significantly lower than those of the control samples. Changes in the HHE and MA contents in the bled and the control samples were determined after storage at 0 C. As shown in Table 1 , the HHE content in the bled sample was significantly lower than that in the control sample after 0 and 2 d of storage. The MA content in the bled sample was lower than that in the control sample after 2 d of storage, but the difference was not significant. Hb in fish muscle has been reported to accelerate lipid oxidation. 3, 15, 16) Therefore, mechanical bleeding decreases the Hb content in the muscle, and consequently, this decrease might suppress lipid oxidation in the muscle. This result suggests that lipid oxidation is suppressed in the meat of bled fish over 2 d of storage at 0 C. Because the HHE formation mechanism in fish muscle is very complicated, 7, 8, 10, 17) further studies are necessary to elucidate why HHE was not detected in the bled muscle at 0 d. 
